Ferritin was determined in the sera of 631 healthy neonates, infants, children and adolescents (age range 5 days to 18 years), using the IMx from Abbott Laboratories. The applied test was a microparticle enzyme immunoassay (MEIA). The proband collective was divided into 9 age groups, and each group into males and females. In accordance with the recommendations of the International Federation of Clinical Chemistry, the 95% scatter range was taken as the reference range. Only a few reference groups showed a normal Gaussian distribution. In addition to the 50th percentile, the 2.5th and 97.5th percentile were calculated for all reference groups, and the minimal and maximal values were also reported. Significantly different reference ranges were found for males and females in the age group 16 -18 years. The U-test of Mann & Whitney was used to test for significant differences between individual reference groups. Groups showing no significant differences were combined, and the corresponding reference ranges for serum ferritin were then calculated.
Introduction
The serum concentration of ferritin in healthy individuals and in patients with iron deficiency or iron overload is directly related to the quantity of iron stored in the reticulohistiocyte system. Whereas low serum concentrations of fefritin are always indicative of an iron deficiency, elevated concentrations can occur for a variety of reasons. Thus, although elevated concentrations often indicate an excessive iron intake, they are also caused by liver disease, chronic inflammation and malignancies (1) .
In industrialized countries, iron deficiency is the commonest dietary problem. Apart from pregnant women, blood donors and haemodialysis patients, other groups particularly at risk are infants and adolescents (2 -5) .
Determination of the serum ferritin concentration is a dependable method for the early detection of iron deficiency (6) (7) (8) . The first response to a decrease in the iron stores of the body is a fall in the serum concentration of ferritin. In more advanced deficiency states, the percentage saturation of the circulating ferritin and the concentration of serum iron are also decreased (1).
The aim of the investigation was: 1) to determine the reference ranges for serum ferritin in healthy neonates, infants, children and adolescents;
2) to test for significant sex differences in serum ferritin concentration within the reference groups;
3) to test for significant differences in serum ferritin concentration between the reference groups.
Materials and Methods
Ferritin was determined in the sera of 631 healthy neonates, infants, children and adolescents (age range 5 days to 18 years).
In the course of routine screening for hypothyreosis venous blood was taken from 5-day-old neonates. For all other probands blood samples were taken after written consent was obtained from their parents, who were informed as to the purpose of the tests. The Ethics Commission of the Medical (9) , which permit the assembly of a reliable reference sample at a justifiable expense. Only those neonates with a birthweight between 2500 and 4000 g and a full term gestation time between 37 and 40 weeks were admitted to the 5-day-old age group. Neonates with hyperbilirubinaemia were excluded, as well as those born to mothers with acute or chronic illnesses.
Test material
About 2ml of blood were taken between 08.00 and 10.00 am from an arm or skull vein, using safety monovettes from Sarstedt, Numbrecht. Blood samples were centrifuged immediately for 5 min at 3000 min" 1 . The serum was removed with a pipette, then frozen at -22°C until analysed.
Methods
Ferritin was determined by a microparticle enzyme immunoassay, using the IMx from Abbott Laboratories. The stated test sensitivity was 1.0 μg/l. The method was calibrated with the WHO standard 80/602.
Quality control
For the control of precision from day to day, standards (from Abbott Laboratories) of low, intermediate and high concentration were included intermittently in each series. As a measure of the relative methodical error, the arithmetic mean (x), standard deviation (s) and the coefficient of variation (CV) were calculated from the individual results of these control series. Precision in series was monitored once, using calibrators "B" and "E" of low and high concentrations from Abbott Laboratories. Again, the arithmetic mean (x), standard deviation (s) and coefficient of variation (CV) were calculated from the individual results.
Statistical evaluation of the results
The results were first presented as separate histograms for each age group and for each sex. The type of distribution was determined with the Kolmogorov-Smirnov test. If the resulting error probability was below the stated value of α = 0.05, the distribution was assumed to be normal. If the distribution was not normal, the 2.5th, 50th and 97.5th percentiles were determined for that reference group. In each age group, the values for ferritin were tested for significant sex differences, using the U-test of Mann & Whitney, again using a limiting value of α = 0.05 for the error probability. In the absence of a significant sex-related difference, males and females were subsequently treated as a single group. The U-test of Mann & Whitney was also used to test for significant differences between age groups, and all groups showing no significant difference were combined. The median value and reference range for serum ferritin were calculated for all the final combinations of reference groups. The degree of any linear relationship between age and serum ferritin concentration was determined by calculation of the correlation coefficient, r.
Results
Ferritin was determined in the serum of 631 healthy probands (315 males, 316 females). Figure 1 gives an overview of the results for all groups before significance testing. A significant difference between the sexes was found only in age group 9 (p = 0.0003).
Tests for significant differences between all the reference groups were made, using the U-test of Mann & Whitney (tab. 2). Table 3 shows the new groups formed after significance testing. The median value and reference range for serum ferritin were recalculated for each new group combination.
A correlation analysis was performed for the relationship between proband age and the serum concentration of ferritin. A significant negative correlation (p < 0.001) was found between the age of the children (in months) and the concentration of serum ferritin, i. e. the ferritin concentration decreased with increasing age (r = -0.6140).
Quality control
Results of the quality control are shown in 
Discussion
There are no reports in the literature of reference ranges for serum ferritin in childhood determined with the present method. Reported reference ranges for childhood (1, 3, 4, 10, 11) , using other methods, are shown in table 5.
The data shown in table 5 are not comparable with the present results, because: 1) other methods were used;
2) different age classifications were used; 3) the numbers of probands in each age group were not reported, or were very small; 4) data were sometimes lacking on the type of distribution of the reference values.
In the present study, 631 neonates, infants, children and adolescents (age range: 5 days to 18 full years) were used to determined the reference ranges of serum ferritin in childhood. The probands were first divided into 18 groups according to age and sex (see tab. 1).
The chosen age classification was based on the suggestions of Egger et al. (12) and the recommendations of the International Federation of Clinical Chemistry (13) . The neonatal age of 5 days was chosen simply because the use of this age for other diagnostic studies (e.g. hypothyreosis screening) means that proband material is readily available. In contrast, no probands were available between the ages of 6 and 30 days. Also, the data from 2-12-morith-old male and female infants have limited interpretative value, due to the small numbers of probands in these groups.
Since the values of most reference groups did not show a normal distribution, the reference range was reported as the 2.5th and 97.5th percentiles, together with the median value (50th percentile) (14) . The analytical method was a microparticle enzyme immunoassay (MEIA). Advantages of this method are its speed, its requirement for only a small sample volume, and the absence of radioactive isotopes.
Extraordinarily high concentrations of ferritin were found in the sera of 5-day-old neonates.
Sex differences were detected only in the 16 -18 years age group, where serum ferritin concentrations were significantly higher in males than in females.
The final group combinations and their respective reference ranges are shown in table 6.
